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METHOD AND DEVICE FOR GENERATING POINTS OF A 3D SCENE

1. Technical field

The present document relates to the domain of processing a 3D
scene. Particularly, but not exclusively, the technical field of the present
principles is related to the processing of points of a point cloud representing
the geometry and/or texture of the 3D scene or part of it, e.¢g. the geomelry
and/or texture of a 3D object. The technical field of the present principles may
also relate 1o encoding/decoding of 3D image data that uses a texiure and
depth projection scheme.

2. Background

This section is intended fo introduce the reader to various aspecis
of art, which may be related to various aspects of the present document that
are described and/or claimed below. This discussion is believed {0 be helpful
in providing the reader with background information to facilitate a betler
understanding of the varicus aspects of the present invention. Accordingly,
these statements are to be read in this light, and not as admissions of prior art.

it is well-known to represent a 3D object with a point cloud or a
mesh.

A mesh comprises mesh elements (e.g. triangles) that are each
represented with vertices and edges connecting the vertices. A mesh is usually
intended to represent the external surface of the 30 object

A point cloud is a set of points usually intended o represent the
external surface of the 3D object but also more complex geometries like hair,
fur that may not be represented efficiently by other data format like meshes.
Each point of a point cloud is often defined by a 3D spatial location (X Y, and
Z coordinates in the 3D space) and possibly by other associated attributes
such as a color, represented in the RGE or YUV color space for example, a
fransparency, a reflectance, a two-component normal vector, etc. A colored
point cloud might be considered, i.e. a set of B-component points 0L Y, Z, R,
G, Byorequivalently (X, Y, Z, Y, U, V) where (XY, Z) defines the spatial location
of a point in a 3D space and (R,G,B) or (Y, U,V) defines a color or texiure of
this point.

A point cloud may be represented with ifexture and depth
projections, corresponding to an image-based point cloud representation.

PCT/US2018/054057
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Following depth compression, some points of the 3D scene may be
erroneously reconstrucied or simply missing, leading to holes in the 3D scene
that may be visible according to the point of view.

3. Summary

References in the specification o "one embodiment”, "an
embodiment”, "an example embodiment”, “a particuiar embodiment” indicate
that the embodiment described may include a particular feature, structure, or
characteristic, but every embodiment may not necessarily include the
pariicular feature, structure, or characteristic. Moreover, such phrases are not
necessarily referring to the same embodiment. Further, when a particular
feature, structure, or characteristic is described in connection with an
embodiment, it is submitted that i is within the knowledge of one skilled in the
art to affect such feature, structure, or characteristic in connection with other
embodiments whether or not explicitly described.

The present document relates to a method of generating points of
a 3D scene from a depth image, the method comprising:

- for a current pixel of the depth image, comparing depth information
associated with the current pixel with depth information associated with
pixels spatially adjacent to the current pixel in the depth image;

- when the difference of depth between the current pixel and an adjacent
pixel is greater than a first value and less than a second value,
generating at least an additional point of the 3D scene in addition to a
current point associated with the current pixel of the depth image, the
number of additional points depending on the difference.

The present document also relates {0 a device/apparatus adapted
to generate poinis of a 3D scene from a depth image, the device/apparaius
comprising a memory associated with at least a processor configured to:

- for a current pixel of the depth image, compare depth information
associated with the current pixel with depth information associated with
pixels spatially adjacent to the current pixel in the depth image;

- when the difference of depth between the current pixel and an adjacent
pixel is greater than a first value and less than a second value, generate
at least an additional point of the 3D scene in addition to a current point
associated with the current pixel of the depth image, the number of
additional peints depending on the difference.

1L
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The present document also relates to a device/apparatus adapted
to generate points of a 3D scene from a depth image, the device/apparatus
comprising:

- means for comparing, for a current pixel of the depth image, depth
information associated with the current pixel with depth information
associated with pixels spatially adjacent {o the current pixel in the depth
image;

- means for generating at least an additional point of the 3D scene in
addition to a current point associated with the current pixel of the depth
image when the difference of depth between the current pixel and an
adjacent pixel is greater than a first value and less than a second value,
the number of additional points depending on the difference.

According to a characteristic, the adjacent pixel having the greatest
depth difference with the current pixel is selected among the adjacent pixels
having a depth diference with the current pixel comprised between the first
value and the second value, the number of generated additional points
depending from the greatest depth difference.

According to a specific characteristic, a volume unif being
associated with a point of the 3D scene, the depth difference corresponding to
a number of volume units, the number of generated points corresponding to
the depth difference minus 1.

According to another characteristic, attributes to be associated with
the at least one additional point are delermined, the satliribuies being
determined from attributes associated with the current point and with the
adjacent pixel.

According 1o a further characleristic, the attributes to be associated
with the at least one additionai point comprise depth information and/or texture
information.

According to a further characteristic, the depth image is decoded
from a received bitstream.

According to anocther characteristic, the points of the 3D scene are
part of a point cioud.

The present document also relates {0 a computer program product
comprising instructions of program code for executing, by at least one
processor, the abovementioned method of generating points of a 3D scene
from a depth image, when the program is exacuted on a computer.

PCT/US2018/054057
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The present document also relates 1o a (non-transitory) processor

readable medium having stored therein instructions for causing a processor to
perform at least the abovementioned method of generating points of & 3D
scene from a depth image.

4. List of figures
The present document will be better understood, and other specific

features and advaniages will emerge upon reading the following description,
the description making reference to the annexed drawings wherein:

figure 1 shows an example of a 3D object of a 3D scene, in accordance
with an example of the present principles;

figures 2A and 2B shows examples of attribuies image associated with the
3D obiect of figure 1, in accordance with a non-limiting embodiment of the
present principles;

figure 3 shows a first example for obtaining the atiributes image of figures
2A and 2B, in accordance with a non-limiting embodiment of the present
principles;

figure 4 shows a second example for obtaining the atiributes image of
figures 2A and 2B, in accordance with a non-limiting embodiment of the
present principles;

figures 5A and 5B show points of the 3D object of figure 1 according o a
determined point of view, in accordance with a non-limiting embodiment of
the present principles;

figures 8A and 6B show a 3D representation of some points of the 3D object
of figure 1 and associated depth image, in accordance with a non-limiting
embodiment of the present principles;

figures 7A and 7B each shows a 2D representation of holes comprised in
the 30 representation of figure 8A, in accordance with a non-limiting
embodiment of the present principles;

figure 8 shows a method for generating one or more poinis of the 3D scene
of figure 1, in accordance with a non-limiting embodiment of the present
principles;

figure @ shows an example of an archilecture of an apparstus for
implementing the method of figures 8, 12 and/or 13, in accordance with a
non-limiting embodiment of the present principles;

PCT/US2018/054057
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- figure 10 shows an exampie of an encoding / decoding scheme of a point
cloud representing the 3D object of figure 1, in accordance with an example
of the present principles;

- figure 11 shows an example of a syniax of a signal transporting a bitstream
obtained by the scheme of figure 10, in accordance with a non-limiting
embodiment of the present principles;

- figure 12 shows an example of a process implemented in the encoding of
a point cloud representing the 3D object of figure 1, in accordance with a
non-limiting embodiment of the present principles; and

- figure 13 shows an example of a process for decoding a bitstream {o obtain
the decoded point cloud representing the 3D object of figure 1 object of
figure 1, in accordance with a non-limiting embodiment of the present
principles.

&. Detailed description of embodiments

The subject matter is now described with reference {o the drawings,
wherein like reference numersals are used to refer 1o like slements throughout.
In the following description, for purposes of explanation, numerous specific
details are set forth in order 0 provide a thorough understanding of the subject
matter. i can be evident, however, that subject matter embodiments can be
practiced without these specific details.

According io non-iimitative embodiments, a method and a device to
generate points of a three-dimensional (30D) scene are disclosed,

in the following, an image contains one or several arrays of samples
{pixel values) in a specific imagefvideo format which specifies all information
relative to the pixel values of an image {or a video) and all information which
may be used by a display and/or any other device {0 visualize and/or decode
an image {or video} for example. An image comprises at least one component,
in the shape of a first array of samples, usually a luma {(or luminance)
component, and, possibly, at least one other component, in the shape of at
least one other array of samples, usually a color component. Or, equivalently,
the same information may aiso be represented by a set of arrays of color
samples, such as the traditional tri-chromatic RGE representation.

in the foliowing, a picture may be seen as an image, i.e. an array of
sampiles, or as a colleclion of images.

PCT/US2018/054057
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A pixel value is represented by a vector of nv values, where nv is
the number of componenis. Each value of a vector is represented with a
number of bits which defines a maximal dynamic range of the pixel values.

The present principles will be described in reference 1o a particular
embodiment of a method for (and an apparatus configured for) generating one
or more points of a 30 scene, €.¢. one or more points of a 3D object of the 3D
scene in addition to existing points. Aftribuies may be associated with the
existing points of the 3D scene, the attributes corresponding o texture
information (texiure attributes) and/or depth information (depth attributes). The
depth (or distance) attributes are stored in a depth image, i.e. associated with
the pixels of the depth image, and the texture {(or color) attribuies are stored in
atexiure image, i.e. associated with the pixels of the texture image. The depth
information associated with a current pixel of the depth image is compared with
the depth information associated with pixels of the depth image that are
adjacent o the current pixel. The current pixel with its adjacent pixels form a
block of @ pixels with 8 adjacent pixels surrounding the current pixel. This block
of 9 pixels is associated with a set of 8 points of the 3D scene, the 8 points
associated with the 8 adjacent pixels forming a neighborhood of the current
point asscociated with the current pixel. For af least one of the adjacent pixel
having a depth difference with regard to the current pixel that is less than a first
value and greater than a second value, one or more additional points of the
3D scene are generated in addition to the current point associated with the
current pixel of the depth map. The number of additional point(s) that is(are)
generated depend on the depth difference, the greater the depth difference,
the greater the number of generated additional points.

The neighborhood of a point of the 3D scene in the depth image
(respectively texture image) corresponds o the pixels of the depth image
(respectively texture image) located in the neighborhood of the pixel of the
depth image {respectively texiure image), the latter pixel corresponding to said
point of the 3D object. The neighborhood of a pixel may for example
encompass all the pixels adjacent to said pixel without being limited to such an
example. For example, the neighborhood may encompass the pixels adjacent
to said pixel and all pixels adjacent to each pixel adjacent {0 said pixel, or even
more.

Generating additional points of the 3D scene enable to fill holes in
the 3D scene that may be visible when changing the point of view. it may also
enabie to increase the density of poinis in some areas of the 3D scene. The

PCT/US2018/054057
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use of the depth image (instead of the 3D space of the 3D object) enables to
guickly identify the holes to be filled.

Even if described with reference o a single depth image of the 3D
scene, the present principles apply in a same way {0 a plurality of depth
images.

Figure 1 shows two different representations of a 3D object, or part
of it, according to a non-limiting embodiment. The 3D object may for example
belong to a 3D scene comprising one or more 30 objects. According to the
example of figure 1, the obiect is a person, for example moving within the
scene, and a part of the object corresponding to the head is illusirated in figure
1. Figure 1 may also illustrate a three-dimension (3D} model of an object 10
and a points of a point cloud 11 corresponding to 3D model 10. Model 10 may
e a 3D mesh representation and points of point cloud 11 may be the vertices
of the mesh. Points 11 may also be points spread on the surface of faces of
the mesh. Model 10 may also be represented as a splaited version of point of
cloud 11, the surface of model 10 being created by splatting the point of point
of cloud 11. Model 10 may be represented by a lot of different representations
such as voxels or splines. Figure 1 illustrates the fact that it is always possible
to define a point cloud from a surface representation of a 30 object and
reciprocally always possible to create a surface representation of a 30D object
from a point of cloud. As used herein, projecting points of a 3D obiect {(by
extension points of a 3D scene) 1o an image is equivalent to projecting any
representation of this 3D object to an object.

A first representation 10 of the part of the object is a point cloud.
The point cloud corresponds 1o a large collection of points representing the
object, e.q. the external surface or the exiernal shape of the object. A point
cloud may be seen as a vector based structure, wherein sach point has is
coordinates (2.¢. three-dimensional coordinates XYZ, or a depth/distance from
a given point of view) and one or more atiributes, also called component. An
example of component is the color component that may be expressed in
different color spaces, for example RGB (Red, Green and Blue) or YUV (Y
being the luma component and UV two chrominance components). The point
cloud is a representation of the object as seen from a given point of view, ora
range of point of views. The point cloud may be obtained of different ways,

e.g.

PCT/US2018/054057
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¢ from a capture of a real object shot by a rig of cameras, optionally
complementead by depth active sensing device;

+« from &g capture of a virtual/synthetic object shot by a rig of virtual
cameras in a modelling tool;

¢ from a mix of both real and viriual objects.

in the first case (from the capture of a real object), the set of
cameras generaies a set of images or sequences of images (videos)
corresponding to the different views (different points of view). The depth
information — meaning the distance from each camera center {0 the object
surface - is obtained either by means of active depth sensing device, e.g., in
infrared range and based on structured light analysis or time of flight, or based
on disparity algorithms. In both cases, all cameras neged 0 be calibrated,
intrinsically and extrinsically. The disparity algorithms consist on a search of
similar visual features on a pair of rectified camera images, typically to be
made aiong a 1-dimension line: the larger the pixel column difference, the
closer the surface of this feature. in the case of a camera array, the global
depth information may be obtained from the combining of a plurality of peer
disparity information, taking benefit of the plurality of camera pairs, therefore
improving the signal over noise ratio.

in the second case (synthetic object), the modelling ool provides
directly the depth information.

The point cloud 10 may be a dynamic point cloud that evolves with
the time, i.2. the number of points may vary with the time and/or the location
(e.q. at least one of the coordinates X, Y and Z) of one or more points may
vary with the time. The evolution of the point cloud may comrrespond {o the
motion of the object represented by the point cloud and/or 1o any change of
shape of the object or pari(s) of the object.

The point cloud 10 may be represented in a picture or in one or
more groups of temporally successive picltures, each picture comprising a
representation of the point cloud at a determined time 't'. The one or more
groups of temporally successive pictures may form a video representstive of
at least a part of the point cloud 10.

A second representation 11 of the part of the object may be
obtained from the point cloud representation 10, the second representation
corresponding to a surface representation. The point cloud may be processed
in order to compute its surface. For that purpose, for a given point of the point
cloud, the neighboring points of this given point are used in order to compute

PCT/US2018/054057
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the normal 1o the local surface at this given point, the surface element
associated with this given point being derived from the normal. The process is
reiterated for all points to obtain the surface. Methods for reconstructing the
surface from a point cloud are for example described by Matthew Bergeret al.
in “Stafe of the Art in Surface Reconstruction from Point Clouds”, State of the
Art Report, 2014, According to a variant, the surface element associated with
a given point of the point cloud is obtained by applying splat rendering fo this
given point. The surface of the object (also called implicit surface or exfernal
surface of the object) is oblained by blending all the splats {(e.q., sllipscids)
associated with the points of the point cloud.

in a particular embodiment, the point cloud represents only partial
views of the object, and not the object in its totality, and this corresponds to
the way how the object is supposed to be walched at the rendering side, for
example in a cinematographic scene. For example, the shooting of a character
facing a flat camera aray generates a point cloud on the side of the rig only.
The back of the character does not even exist, the object is not closed on itself,
and the geometric characteristics of this object is therefore the set of all the
surfaces oriented in the direclion of the rig (the angle between the normal of
each local surface and the ray back to the acquisition device is for example
less than 90°).

Figures 2A and 2B each shows a piclure of the point cloud 10,
according to specific non-limiting embodiments of the present principies.

Figure 2A illustrates a first exampie of a picture 20 of the point
cloud, for example a picture of a GOP (Group of Pictures) of the point cloud.
The picture 20 is composed of a set of n images 201, 202, 203, 20n, n being
an integer greater than or equal to 2. Each of the image 201 o 20n
corresponds (o an array of pixels, the size and/or the definition of which may
vary from an image (o another image. For example, the definition of the images
201 and 20n is the same while the definitions of images 202, 203 are different
from esach other and from the definition of the images 201 and 20n. In the
example of figure 2A, the images 201 to 20n are spatially arranged to cover
the whole picture 20 without overlap between the images. According to a
variant, the images 201 1o 20n do not cover the whole picture, a space existing
between the images 201 to 202, or between at least some of them, ie. the
edges of two adjacent images may not be in contact. Data may be associated
with each pixel of the images 201 10 20n, for example texiure information

PCT/US2018/054057
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and/or depth information. The texture information may for example be stored
under the form of grey levels associated with each channel of a color space
{e.g. RGB color space or YUV color space), the grey level for each channel
being for example expressed with a first determined number of bils, e.¢g. 8, 10
or 12 bits. The depth information may for exampie be stored under the form of
a value, for example in the a channel with a second determined number of bits,
€.g. 8, 10 or 12 bits. Thus, four components RGBa or YUVa (e.g. four 10-bit
channels) may for example be associated with each pixel in the picture 20 to
represent the point cloud at a determined time Y. According to a variant, a first
picture 20 is used to store the texture information {e.g. 3 components RGB or
YUV} and a second picture with the same arrangement of images is used {0
store the depth information, both pictures representing the point cloud at time
‘t. The set of images forming the picture 20 may for example be obtained by
projecting points of the point cloud according to projection(s), e.g. a different
projection per first image, as illustrated on figure 3.

Figure 3 illustrates a cube 31 bounding at least a part of the point
cloud 10, according to a non-limiting example of the present principles.

The cube 31 is for example subdivided into 8 sub-cubes (only one
sub-cube 32 of the 8 sub-cubes being shown for clarity purpose) af a first
subdivision level. The sub-cube 32 is also subdivided into 8 sub-cubes {only
one sub-cube 33 of the 8 sub-cubes being shown for clarity purpose) at a
second subdivision level. At each subdivision level, a part of the points of the
point cloud may be projected (e.¢. according to an orthogonal projection) onto
one or more faces of the cube(s) {e.g. the faces with grey filling). For example,
points of the point cloud are projected onto the face 301 of the cube 31, onto
the face 302 of the cube 32 and onto the face 303 of the cube 33. The faces
are for example discretized to form arrays of pixels with definifions/sizes that
depend on the subdivision level of the cube. For example, for a pixel of a face
of a cube, the point of the point cloud that is projecied onto said pixel
corresponds to the point of the point cloud that is the closest from said pixel
when tracing a ray from said pixel and orthogonal 10 the face comprising said
pixel. The aftributes associated with said pixel correspond to the attributes
(texture and/or depth) of the point projected onto said pixel.

The face 301 is for example used o form the image 201, the face
302 to form the image 302 and the face 303 to form the image 303.

Figure 2B Hustrates a second example of a picture 21 of the point
cloud, for example a picture of a GOP of the point cloud. The picture 21 is

PCT/US2018/054057
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composed of a set of m images 211, 212, 213, 214, 21m, m being an integer
greater than or egual to 2. The arrangement of the images 211 to 21m may be
different from the one of picture 20 with for example free space between the
images 211 to 21m. The images 211 o 21m may have varied sizes and/or
definitions. Each picture may receive attributes from the points of the point
cloud, said attributes being associated with at least some of the pixels of each
image 211 1o 21m. For exampile, the part of each image that receives attributes
from the point cloud is shown as a grey area while the part of the image that
does not receive attributes from the point cloud is shown as a white areg, said
white area may be filled with default value, like the free space between images.
Just like for the picture 20 of figure 2A, the data associated with the pixels of
the images 211 1o 21n may correspond 1o texiure information and/or depth
information. In a variant, a first picture 21 is used fo store the texture
information (e.g. 3 components RGB or YUV) and a second picture 21 with the
same arrangement of images 211 to 21m is used {o store the depth
information, both pictures representing the point cloud at time 1.

The set of images forming the picture 21 may for example comprise
one or more first images and potentially one or more second images. The first
image(s) (at least the grey area of each first image) may for example be
obtained by projecting points of the point cloud according to first projection(s),
e.g. a different first projection per first image, as illustrated on figure 4.

Figure 4 illustrates the obtaining of the first images of the set of
images forming the picture 21, according to a non-limiting example of the
present principles. The point cloud representing the 3D object 4 is partitioned
into a plurality of 30 parts, e.g. 50, 100, 1000 or more 3D parts, 3 of them being
illustrated on Figure 4, ie the 3D paris 42, 43 and 44, the 3D part 44
comprising points of the point cloud representing part of the head of the person
{corresponding for example (o the point cloud 10 of figure 1), the 3D part 42
comprising points of the point cloud representing an armpit of the person and
the 3D part 43 comprising poinis of the point cloud representing a hand of the
person. One or more images of each 3D part or of a part of the 3D paris are
generated to represent each 3D part in fwo dimensions, i.e. according to a 2D
parametrization. For exampile, a 2D parametrization 401 is obiained for the 3D
part 44, a 2D parametrization 402 is obtained for the 3D part 42 and 2 different
20D parametrizations 403 and 404 are obtained for the 3D part 43. The 2D
parametrization may vary from a 3D part to ancther one. For example, the 2D
parametrization 401 associated with the 3D part 41 is a linear perspeciive
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projection while the 2D parametrization 402 associated with the 30D part 42 is
a LLE and the 2D parametrizations 403 and 404 associated with the 3D part
43 are both orthographic projections according to different points of view.
According to a variant, ail 2D parametrizations associated with all 3D parts are
of the same type, e.g. a linear perspective projection or an orthographic
projection. According to a variant, different 2D parametrizations may be used
for a same 3D part.

A 20 parametrization associaled with one given 3D part of the point
cloud corresponds 1o a browsing in 2 dimensions of the given 3D part of the
point cloud allowing to sample the given 3D part, i.e. a 2D representation of
the content (i.e. the poini{s)) of this given 3D part comprising a pluralily of
samples {that may correspond o the pixels of a first image), the number of
which depending from the sampling step that is applied. A 2D parameirization
may be obtained in diverse ways, for exampile by implementing any one of the
following methods:

- linear perspective projection of the poinis of the 3D part of the point
cloud onto a plane associated with a point of view, the parameters
representative of the linear perspective projection comprising the
location of the virtual camera, the spatial sampling step and the field
of view in the 2 dimensions;

- orthographic projection of the points of the 3D part of the point cloud
onto a surface, the parameters representative of the orthographic
projection comprising the geomelry (shape, size and crientation) of the
projecting surface and spatial sampling step;

~ LLE (Locally-Linear Embedding)} that corresponds to a mathematical
operation of dimension reduction, here applied o convert/transform
from 3D to 2D, the parameters representative of the LLE comprising
the fransformation coefficients.

Each image has advantageously a rectanguiar shape o ease the
packing process on the picture 21.

Figures 8A and 5B show a 2D representation of a part of the 3D
scene of figure 1, according {0 a non-limiting example of the present principles.
Figure 8A provides an example of a 2D representation 5A of a part
of the 3D object 10, for example a cross section of the 3D object 10. The poinis
of the cross section SA are represented with a square that corresponds to a
cube or a voxel in the 3D representation 10. For exampile, the square {or cube)
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510 is represented with the point 51. Cubes or voxeis are associated with the
points of the 3D scene (or of the point cloud when the 3D scene is represented
with a point cloud) to fill the space of the 3D scene. Some of the squares
represented on figure SA may be emply, i.e. there is no point of the 3D scene
associated with them, i.e. there is no texture and no depth associaied with
them. A surface of the 3D object 10 is represented with a straight line 50 and
the points 501 to 506 correspond to the points seen from the point of view 52.
The squares associates with the points 501 to 508 are illusirated with a shade
of grey. When projecting these points 501 to 506 on an associated depth image
10 according to the point of view 52, one obtains a column of pixels associated
with the points 501 to 5068, one single pixel being associated with one single
point.

[ ]

Naturally, volume elements different from the sguare may be
associated with the points of the 3D scene, e.g. a sphere. In the rest of the

15 description, the expression “volume unit” will be used to express the volume
element associated with a point, a volume unit corresponding for example a
voxel of size 1 by 1 by 1, eg. 1t mm by 1 mim by 1 mm (with a volume of 1
mm®), or 1 cm by 1 cm by 1 om {with a volume of 1 cm®) or any other
dimensions.

20 Figure 8B illustrates a 2D representation 5B of the same part of the
3D object 10 as the one illustrated on figure 5A, the 2D representation 5B being
obtained by deprojecting the poinis 501 to 506 from the depth image obtained
from the 2D representation SA according to the point of view 5Z. The poinis
(and associated volume units) 501 to 508 are shown with a shade of grey.

25  Poinis (and associated volume units) 511 o 518 are shown with a pattern of
diagonal stripes and correspond to the holes of the 30 object 10 when seen
from the point of view 53. These holes may result from the reconstruction of
the 3D object using the depth image oblained when projecting the points
according to the point of view 52 that is different from the point of view 53, such

30 holes leading o visibie artefacts when looking at the reconstructed 3D object
from the point of view 53. No texture information and no depth information is
associated with the points 511 o 518 corresponding to the holes.

Figure 8A shows a subset 64 of points of the 3D object of figure 1

35 in three dimensions and Figure 8B shows the part 8B of the depth image

associated with the subset 8A, according to a non-limiting example of the
present principles.
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Figure 6A shows the subset 8A of points of the 3D object and
associated volume units 801, 602, 603, 604, 805, 608, 807, 808, and 809,
Hiustrated with cubes or voxels on figure 6A. Cubes 801 {0 608 extends onto
three dimensions X, Y and Z, the axis £ representing the depth while X
represents the abscissa axis and Y the ordinate axis. The arrows 61, 62 and
63 represent different points of view according to which the subset 6A may be
seen. The point of view 61 enables to see the subset 8A according to the Z
axis; the point of view 82 enables {0 see the subset 84 according to the Y axis;
and the point of view 63 enables {0 see the subset 6A according o the X axis.
The cubes 602 to 609 {or equivalently the points 802 1o 809) may be seen as
forming a neighborhood of the cube 801 {or equivalently the point 601).

Figure 6B shows the part 6B of the depth image associated with the
subset 6A. The part 6B of the depth image may be obtained by projecting the
cubes {points) 601 to 802 according to the point of view 61 and associated axis
Z. As can be seen on Figure 6B, the part 6B forms a block of 9 pixels, 8
adjacent pixels 612 {0 618 (that each corresponds/refers to the associated
cubes/poinis 602 to 609, respectively, of the subset 6A) surrounding the pixel
611 (that correspondsirefers to the associated cube/point 801 of the subset
BA). The cubes/poinis 802 o 6809 correspond o the neighborhood of the
cubelpoint 601 as their corresponding pixels 612 {0 619 of the associated
depth image correspond 0 the adjacent pixels of the depth image surrounding
the pixel 811 corresponding to the cube/point 801.

When viewed from the point of view 61, no hole appears in the
subset 6A (the view according to the point of view 61 corresponds to the part
8B of the depth image). But when viewed from other points of view, hole(s)
may appear. For example, when viewed from the point of view 82, a hole
appears between the cubes/poinis 801 and 602, the space occupied by such
a hole corresponding to the space of a cube 8001 shown with stripes. Such a
hole 6001 is lllustrated on Figure 7A. Figure 7A illusirates a part of the view of
the subset 6A from the point of view 62, specifically the part comprising the
cubes 601 and 602 and the free space between them, ie. the space not
occupied by a cube/point of the subset 8A. When viewed from the point of view
63, a hole appears between the cubes/points 801 and 604, the space occupied
by such a hole corresponding to the space of two cubes shown with stripes,
i.e. the cubes 8001 and 8002. Such a hole 8001, 6002 is lllustrated on Figure
78, figure 78 illlustrating a part of the view of the subset 8A from the point of
view 63, specifically the part comprising the cubes 801 and 604 and the free
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space between them, i.2. the space not cccupied by a cube/point of the subset
BA.

The depth image associated with the 3D scene may be used {o
determine where hole(s) may be located in areals) in the 3D scene. For
example, the part 6B of the depth image assodciated with {(and obtained from)
the part 8A of the points of the 3D object 10 is processed and analysed as
explained hereinbelow {0 obtain the location of the hole(s). More specifically,
the depth information associated with the pixels 611 10 619 is used o obiain
the location of the hole(s) 6001, 8002, The block 6C of Figure 6B shows the
depth information which is associated with the pixels 811 to 619. Such a
process is for exampie applied to a current pixel, namely the current pixel 611
(that is associated with the current point 601) in the exampie of figures 8A and
6B. In the example of figure 68, a reference depth is associated with the
current pixel 811, for example a reference depth equal to 0. The depth
associated with the pixels 612 o 619 adjacent {o the current pixel 611 is
expressed in volume unit {a volume unit corresponding {0 a cubefvoxel in the
example of Figures 8A, 6B). With regard to the current pixel, the depth
associated with the adjacent pixel 6812 is equal fo +2 volume units; the depth
associated with the adjacent pixel 813 is egual to +1 volume unit; the depth
associated with the adjacent pixel 614 is equal 1o +3 volume units; the depth
associated with the adjacent pixel 815 is equal to 0 volume unit; the depth
associated with the adjacent pixel 616 is equal {0 ~1 volume unit; the depth
associated with the adjacent pixel 817 is equal to § volume unit, the depth
associated with the adjacent pixel 618 is equal to 0 volume unit; and the depth
associated with the adjacent pixel 818 is egual to +1 volume unit. Naturally,
the depth associated with the pixels may be expressed in any other metric, for
example with the number of volume unils separating the poinis (i.e. the
associated cubes) from the points of view assodciated with the depth image, i.e.
the distance between the point of view and the points of the 3D scene {e.¢. the
depth associated with the current pixel 611 may be equal to 1254 volume units,
the depth associated with the adjacent pixels 612 {0 619 would then be 1256,
1255, 1257, 1254, 1253, 1254, 1254 and 1255, respectively). According o
another example, the depth may be expressed in centimetre or meter orin any
other metric, corresponding 1o the distance expressed in centimetre or meler
from the point of view associated with the depth image.

Depth information associated with each adjacent pixel 812106819 is
compared with the depth information associated with the current pixel 611, For
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example, the depth difference is computed between each adjacent pixel 612
to 618 and the current pixel 611. When the difference is greater than or equal
o a first determined value {e.q. 2 volume units when the depth is expressed in
number of volume units), it means that the cubes associated with the
considered adjacent pixel and with the current pixel are not adjacent in the
space of the 3D scene, meaning that they do not contact each other in the 3D
scene, which means that there is a hole between them. For example, the depth
difference between the pixeis 612 and 611 is equal to +2, which means that
there is a hole between the corresponding cubes 801 and 602 in the 3D scene,
as it clearly appears on Figure 6A (the hole corresponding to the empty space
iliustrated with the cube 8001). The depth difference between the pixels 614
and 611 is equal to +3, which means that there is a hole between the
corresponding cubes 601 and 604 in the 3D sceng, as it clearly appears on
Figure 8A {the hole corresponding 1o the empty space illustrated with the cubes
6001 and 6002). According to another example, the depth difference between
the pixels 817 and 611 is equal to +0, which means that there is no hole
between the corresponding cubes 807 and 801 in the 3D scene, as it clearly
appears on Figure 6A (the cubes 807 and 601 contacts each other as thay
both belong to the plane defined by the axis X and Y; they share a face).
According to another example, the depth difference between the pixels 619
and 611 is equal to +1, which means that there is no hole between the
corresponding cubes 6808 and 601 in the 3D scene, as it clearly appears on
Figure BA {the cubes 809 and 601 contacts sach other as they share a comer).

The same processing may be performed for each point of the 3D
scene (or at least for each point of a part of the points of the 3D scene, for
example for each point every two points, or each point every to 8 sight points),
i.e. each point may be processed as a current point and its depth compared
with the depth of its neighborhocd (i.e. in the space of the associated depth
image).

According to a variant, only the positive depth differences are
considerad and compared with the first determined value. A negative depth
difference would be considered by taking the adjacent pixel having a negative
depth difference as a new or other current pixel. By considering only the
positive depth differences, processing of the 30 scene to detect the hole(s) is
speeded up.

According to anocther variant, the depth difference between two
adjacent pixeis is also compared with a second determined value and only the
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depth differences that are less than or equal {o this second determined value
may be considered to determine whether there is a hole between the cubes
associated with the adjacent pixels. The comparison with the second
determined value enabie to ensure that the two cubes belong 1o a same object
of the 3D scene or to a same part of the 3D object. Indeed, if the depth
difference between two adjacent pixels (i.e. betwesn the two corresponding
cubes) is {00 big, it means that these two cubes do not belong to a same
surface. The second determined value may for example be equal to 10, 50, or
100 volume units. A hole between two cubes is determined when the following
10 conditions are fulfilled:

[ ]

Thtsd < ThZ Equation 1

with d corresponding to the depth difference between the two
15 considerad pixels {(and associated cubes), Thi corresponding o the first
determined value,; and The corresponding 1o the second determined value.

To fill the determined hole(s), additional cubes/points may be
generated between two cubes/poinis having a depth difference d (in the depth
image) fulfilling the equation 1. The additional cubes/poinis may be generating

20 by computing their associated depth and texture from the depth and texture
associated with the cubes used to determine the hole (e.g. by interpolation of
the poinis/cubes used i0 determine the presence of a hole). The number of
generated additional points may be a function of the depth difference, for
example equals to d minus 1 (d —~ 1), when the depth difference is expressed

25  with a number of volume units. For example, the number of points/cubes
generated between the points/cubes 801 and 802 is equal to 1, the depth
difference befween the corresponding pixels 611 and 612 of the depth image
being equal {0 2. According to another example, the number of points/cubes
generated between the points/cubes 601 and 604 is equal to 2, the depth

30 difference between the corresponding pixels 611 and 6814 of the depth image
being equal 1o 3.

The additional point/cube 8001 generated between the existing
points/cubes 601 and 602 may receive as texiure information the mean value
of the texture values associated with the points/cubes 801 and 802 and as

35  depth information the mean value of the depth value associated with the
points/cubes 601 plus 1 {degs + 1).
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The additional points/cubes 6001 and 6002 generated between the
existing poinisfcubes 801 and 604 may receive as texture information the
mean value of the texture values associated with the points/cubes 601 and
8604 and as depth information the depth value of the point 801 plus 1 for the
cube 8001 (deos + 1) and the depth vaiue of the point 601 plus 2 (degs + 2) for
the cube 6002,

According to a variant, a weight is associated with the texture of the
existing points/cubes to determine the texture of an additional point/cube. For
example, a greater weight may be associated with the fexture of the point 601
10 than with the weight of the point 604 when computing the texture of the

additional point 6001, as the additional point 8001 is closer {0 the point 801
than 1o the point 804. In contrast, a greater weight may be associated with the
texture of the point 804 than with the weight of the point 601 when computing
the texture of the additional point 6002, as the additional point 6002 is closer

15 to the point 804 than to the point 801, For example, the weight associated with
a texture value when inierpolating a texture value to be associated with a
generated additional point may be inversely proportional {o the distance
{depth) separaling the generaling additional point from the point used 1o
generate it. For example, when computing the texiure of the additional point

20 6001, a weight equal {o 2 may be associaled with the texture of the point 601
and a weight equal o 1 may be associated with the texiure of the point 604,
the distance (depth difference) beiween the additional point 6001 and the point
601 being equal to 1 volume unit while the distance (depth difference) between
the additional point 8001 and the point 604 being egual 1o 2 volume units.

25 According to another variant, the texture information to be
associated with a generated additional point corresponds {o the iexiure
information of one of the point used o generate it. For example, the texiure
information of the point 801 may be applied 1o the generated additional point
6001 and the texture information of the point 804 may be applied to the

30 generated additional point 6002,

According to a further optional varianti, instead of generating
additional point{s) each time a depth difference d (befween a current pixel and
a pixel adjacent to this current pixel) is determined greater than or equal to the
first determined value Thi and less than or equal o the second determined

35 value Th2, additional points are generated only between the current pixel and
the pixel adjacent pixel having the greatest depth difference dma within the
interval {Th1;Th2l For example, instead of generating twice the point/cube

[ ]
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6001 (one time using the points/cubes 601 and 602 and one time using the
points/cubes 801 and 804), the point cube 8001 is generated only once using
the points/cubes 6801 and 804 as the depth difference (i.e. +3) between the
points 601 and 604 is greater than the depth difference (i.e. +2) between the
points 601 and 802. To reach that aim, the greatest depth difference dmax (that
is less or equal to Th2) is selected among all depth differences dgiz 10 deso oOf
the block of pixels 8B and only the adjacent pixel 614 corresponding to the
greatest depth difference dmax among all adjacent pixel 612 to 618 is
considerad with the current pixel 811 to generated additional points/cubes
10 {from the corresponding points/cubes 601 and 604).

[ ]

Figure 8 shows a method of generating ong or more points of a 3D
scene implemenied for example in a device 9 (described with regard to figure
93, according to a non-restrictive embodiment of the present principles.

15 i a first operation 81, the depth information associated with a
current pixel is compared with the depth information associated with pixels
spatially adjacent {o the current pixal in a depth image. The depth image is
associated with existing points of a 3D scene or part of the 3D scene (8.4
existing points of a 3D object). Each pixel of the depth image is associated with

20 a corresponding point of the 3D scene, the depth image being obtained by
projecting the points of the 3D scene on corresponding pixels, the depth
attribuies of the points being stored in the depih image and associated with
the corresponding pixels.

in a second operation 82, one or more additional points of the 3D

25  scene are generated, in addilion to the current point that is associated with the
current pixel. The current point is for example generated by deprojecting the
current pixel, using the parameters of the projection used 1o obtain the depth
image from the existing points of the 30 scene. The one or more points are
generated for exampile by using the current point and a point of the 3D scene

30 obtained by deprojecting a pixel of the depth image adjacent to the current
pixel, when the depth difference between the current pixel and the adjacent
pixel is greater than a first value Th1 and lower than a second value ThZ.
Additional points may for example be generated for each pair of poinis (each
pair including the current point and a point of the neighborhood of the current

35 point corresponding (o a pixel of the depth image adjacent to the current pixel)
having a depth difference comprised between the first value and the second
value. The number of additional points that are generated depend from the
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depth difference, the greater the depth difference, the greater the number of
generated additional points.

According to a variant, the adjacent pixel having the greatest depth
difference with the current pixel is selected among the adjacent pixels having
a depth difference with the current pixel comprised between the first value and
the second value, and the additional points are generated using only the
current point and the neighbour point corresponding 1o said adjacent pixel
having the greatest depth difference.

The atiributes to be associated with the additional points, especially
the texture atiributes, are determined using the atiributes of the current points
and of the neighbour points {respectively corresponding to the current pixel
and the adjacent pixel) used for generating the additional points. The {exture
atiributes are for example obtained by interpolating the texture attributes of the
current point and of the neighbour point.

The first and second operations may be reiterated for a plurality of
current pixels (or equivalently corresponding current poinis of the 3D scene),
for example for each pixsl of the depth image, or for each pixel of a part of the
pixels of the depth image.

Figure 3 shows an example of an architecture of an apparatus 9
adapted to implement at least one of the methods described with regard to
figures 8 and 8, in accordance with a non-limiting embodiment of the present
principles.

The apparatus 8 comprises following elements that are linked
fogether by & data and address bus 91:

- & microprocessor 92 {or CPU), which is, for example, a DSP (or Digital
Signal Processor);

- a ROM {or Read Only Memory) 93;

- a RAM (or Random-Access Memory) 94;

- asiorage interface 95;

- an /O interface 96 for reception of data {o transmit, from an application;
and

- apower supply, e.¢. a baltery.

in accordance with an example, the power supply is external ic the
device. In each of menticned memory, the word «register» used in the
specification can correspond {o area of small capacity {(some bits) or to very
large area (2.g. a whole program or large amount of received or decoded data).
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The ROM 93 comprises at least a program and parameters. The ROM 93 may
store algorithms and instructions to perform techniques in accordance with
present principles. When switched on, the CPU 82 uploads the program in the
RAM and executes the corresponding instructions.

The RAM 94 comprises, in a regisier, the program executed by the
CPU 92 and uploaded after switching on of the apparatus 9, input data in a
register, intermediate data in different states of the method in a register, and
cther variables used for the execution of the method in a register.

The implementations described herein may be implemented in, for
example, a method or a process, an apparatus, a computer program product,
a data stream, or a signal. Even if only discussed in the context of a single
form of implementation (for example, discussed only as a method or a device),
the implementation of features discussed may also be implemented in other
forms (for example a program). An apparaius may be implemented in, for
example, appropriate hardware, software, and firmware. The methods may be
implemenied in, for example, an apparatus such as, for example, a processor,
which refers {o processing devices in general, including, Tor example, a
compuier, a microprocessor, an integrated circuit, or a programmable logic
device. Processors also include communication devices, such as, for example,
computers, celi phones, portable/personal digital assistants ("FDAs"™), and
other devices that facilitate communication of information between end-users.

The points of the 3D scene (e.g. poinis of a point cloud) and
associated data/attributes (e.¢g. depth and texture of the points) are obtained
from a source. For example, the source belongs o a set comprising:

- & local memory {83 or 94}, e.g. a video memory or a RAM (or

Random-Access Memory), a flash memory, a ROM {(or Read Only

Memory), a hard disk;

- & storage interface (85), e.¢. an interface with a mass siorage, a

RAM, a flash memory, 8 ROM, an optical disc or a magnetic support;

- a communication interface (98), e.q. a wireline interface (for
example a bus interface, a wide area network interface, a local area

network interface) or a wireless interface (such as a IEEE 802.11

interface or a Bluetooth® interface); and

- auserinterface such as a Graphical User interface enabling a user
to input data.
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in accordance with examples of the decodingfrendering or

decoder(s)/renderer(s), the decoded points or the reconsiructed 3D scene is
sent to a destination,; specifically, the destination belongs 1o a set comprising:

a local memory (83 or 84), e.g. a video memory or a RAM, a flash
memory, a hard disk;

a storage interface (85), e.¢. an interface with a mass siorage, a
RAM, a flash memory, a ROM, an optical disc or a magnetic support;
and

a communication interface (96), e.g. a wireline interface {for
example a bus interface (e.g. USB (or Universal Serial Bus)), a wide
area network interface, a local area network interface, a HDMI (High
Definition Muitimedia Interface) interface) or a wireless interface
(such as a lEEE 802 11 interface, WiFi ® or a Bluetooth ® interface).
In accordance with examples, the apparatus 9 is configured to

implement a method described in relation with at least one of the figures 8 ©
8, and belongs 1o a set comprising:

a mobile device;

a communication device:

a game device;

a tablet (or tablet computer),

a laptop;

a siill picture camera;

a video camera;

an encoding chip;

a server {e.q4. a broadcast server, a video-on-demand server or a
web server).

a set top box;

a TV set, and

a display (such as a HMD for example}.

Figure 10 shows schematically a diagram of an encoding /

decoding scheme of a 3D scene, €.9. a point cloud 103, according to a
pariicular and non-limiting embodiment of the present principles.

The point cloud 103 is encoded into encoded data under the form

of a bifstream 104 via an encoding process 101 implemented in a module
M101. The bitstream is transmitted to a module M102 that implements a
decoding process 102 to decode the encoded data to oblain a decoded point



WO 2019/070778

[ ]

10

15

30

33

23

cloud 105, The modules M101 and M102 may be hardware, software or a
combination of hardware and software.

The point cloud 103 corresponds o a large collection of points
representing an object, for instance the extemnal surface or the extemnal shape
of the object. A point cloud may be seen as a vector-based siruciure, wherein
each point has its coordinates {e.g. three-dimensional coordinates XYZ, or a
depth/distance from a given point of view) and one or more components. An
example of component is the color component that may be expressed in
different color spaces, for example RGB (Red, Green and Blue) or YUV {Y
being the luma component and UV two chrominance components). The point
cloud may be a representation of the object as seen from one or more points
of view. The point cloud may be oblained of different ways, e.¢g.:

s from a capture of a real object shot by one or more cameras,
optionally complemented by depth aclive sensing device;

s from a capture of a virtual/synthetic object shot by one or more virtuai
cameras in a modeiling tool;

¢ from a mix of both real and virtual chjects.

The point cloud 103 may be a dynamic point cloud that evolves with
the time, i.e. the number of points may vary with the time and/or the location
{e.g. at ieast one of the coordinates X, Y and 2} of one or more points may
vary with the time. The evolution of the point cloud may correspond to the
maotion of the object representad by the point cloud and/or {0 any change of
shape of the object or part{s} of the object

The point cloud 103 may be represented in a picture or in one or
more groups of temporally successive pictures, sach piclure comprising a
representation of the point cloud at a determined time ‘U, The one or more
groups of temporally successive pictures may form a video represeniative of
at least a part of the point cloud 103,

The encoding process 101 may for example implement intra-picture
coding and/or inler-picture coding. Intra-piciture coding is based on intra-
picture prediction that exploits spatial redundancy, ie. correlation among
pixels within one piciture, by calculating prediction values through extrapolation
from already coded pixels for effeclive delfa coding. Inter-picture coding is
based on inter-picture prediction that exploils temporal redundancy.
Temporally independently coded so-called intra pictures ‘I' use only intra
coding. The temporally coded predicted pictures ‘P (or ‘B’ may use intra- and
inter-picture prediction.
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The decoding process 102 may for example correspond to the
inverse operations of the encoding process 101 to decode the data encoded
with the encoding process.

Figure 11 shows an example of the syntax of a signal fransmitted
for example between two remote devices, when the dala are transmitted over
a packet-based transmission protocol. Each transmitied packet P comprises a
header H and payload daia PAYLOAD.

According to embodiments, the payload PAYLOAD may comprise
at least one of the following elements:

- bits that represent at least one piciure representing the point cloud at
a determined time {, e.g. the bits may represent texture information
and/or depth information associated with the pixels of the at least one
picturs;

- bits that represent projection information data and the mapping
between the projections and the images of the at least one picture.

Figure 12 shows operations for encoding the 3D scene, e.g. the
point cloud 103, according io a particular and non-limiting embodiment of the
present principles. The operations may be part of the encoding process 101
and may be implemented by the apparatus 9 of figure 0.

in an operation 120, data of a picture 20 of the point cloud is
encoded by an encoder ENC1. The picture 20 is for example part of a group
of pictures (GOP} and comprises data representative of the point cloud at a
determined time f. The picture 20 may comprise a sat of images, at least one
of the images of the set comprising attributes that correspond to at least a part
of the data of the picture 20. The aftribuies may be oblained by projecting,
according to a determined projection, a part of the point cloud in each image,
the altributes corresponding to the atiributes of the points of the part of the
point cloud projected onto said each image. The atiributes may correspond o
fexture (or color) information and/or depth {or distance to a view point)
information. The encoder ENC1is for example compliant with a legacy
encoder such as:

s JPEG, specification ISO/CEI 10918-1 UIT-T Recommendation T.81,
hitps:/Awww itu.intfrec/T-REC-T.81/en
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e AVC, also named MPEG-4 AVC or h264. Specified in both UIT-T H.284
and  ISO/CE] MPEG4 Part 10  (ISO/CE! 14496-103,
hitp/Awww . itu intrec/T-REC-H .284/en,

« HEVC (its specification is found at the ITU website, T recommendation,
H series, h265, http:/Awww itu.int/rec/T-REC-H.265-201612-l/en), or

= 3D-HEVC (an extension of HEVC whose specification is found at the
iTU website, T recommendation, H series, h265,
hitp//Awww itu. intrec/T-REC-H.265-201612-l/en annex G and |).

The encoded data of the picture 20 may be stored andlor

10 transmitted in the bitstream 104,

in an operation 121, the encoded data of the picture 20 is decoded
by a decoder DEC1. The decoder DEC1 is compliant with the encoder ENCH,
for exampie compliant with a leQacy decoder such as:

¢ JPEG,
15 «  ANVC, also named MPEG-4 AVC or hZ264,
+ HEVC, or

3D-HEVC (an extension of HEVC).

The atiribules, encoded at operation 120, are decoded and
retrieved, at operation 121, for exampie stored in a buffer memory, for use in

20 the generation of a reference picture 125 asscociated with the picture 20.

in an operation 122 implemented by a module M122, each image is
processed as described with regard to figure & and/or 8 0 generate points of
the point cloud and for filling holes that may for example result from the
encoding/decoding processes 120, 121.

25 A reference picture 125 may be obtained from the corrected

image(s) oblained from the module M122.

The reference picture 125 may be used in an operation 124,
implemented by a module M124. The operation 124 comprises for example
the generation of predictors for inter prediction for the coding of one or more

30 pictures of the point cloud, different from the picture 20 (e.g. pictures of the

point cloud at determined times different from the time ¥ of piclure 20). The
point cloud 103, or pictures representing the point cloud, may then be encoded
by referring {0 the reference picture 125. According to a variani, the module
M124 is part of the encoder ENCH1.

35 Naturally, a plurality of reference pictures may be obtained in a

same way as the reference picture 125, each reference piciure of the plurality

[ ]
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being obtained from a specific picture representing the point cloud, the
encoding of the point cloud 103 referring to one or several reference pictures.

Figure 13 shows operations for decoding the encoded version of
the point cloud 103 from the bitstream 104, according to a particular and non-
limiting embodiment of the present principles. The operations may be part of
the decoding process 102 and may be implemented by the apparatus 9 of
figure 9.

[ ]

In an operation 131, encoded data of one or more pictures {(e.q.
10 pictures of one or more GOPs or of an intra period) of the point cloud is
decoded by a decoder DEC2 from a received bitstream 104. The bitstream
104 comprises the encoded data of the one or more pictures. Each picture
comprises a set of images, at least one of the images of the set comprising
attributes that correspond to at least a part of the data of the picture that has
15 been encoded. The atiribuies may be oblained by projecting, according 1o a
first projection, a part of the point cloud in each first image, the atfributes
corresponding to the attributes of the points of the part of the point cloud
projected onto said each first image. The aitributes may correspond to texture
{or color) information and/or depth (or distance to a view point) information.
20 The decoder DEC2 may correspond to the decoder DEC1 of figure 12 and is
for exampie compliant with a legacy decoder such as:
s JPEG,
e AVC also named MPEG-4 AVC or H264,
e HEVC or
3D-HEVC (an extension of HEVC).

The attribuies decoded at operation 131 are retrieved, for example
stored in a buffer memory, for use in the generation of ong or more reference
pictures 135, each reference picture being associated with one picture. In the
following, only one reference picture associated with one picture will be

30 considered for clarity and conciseness purposes.

In an operation 132 implemented by a module M132 (that may be
identical to the module M122 of figure 12), the decoded atiributes are is
processed as described with regard to figure & and/or 8 to generaie points of
the point cloud and for filling holes that may for example result from the

35  encoding/decoding processes 120, 131.

A reference picture 135 (that may be identical to the reference

picture 125 of figure 12} may be oblained from the picture by fusing the

[30]
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decoded first aitributes oblained from the operation 121 with the second
atiributes obtained from the operation 123. The reference picture may
comprise the same structure than the piclture, i.e. the same spatlial
arrangemeant of the set of images but with different data, i.e. with the decoded
first attributes and the obtained second attributes. A detailed description of an
example of a process o obtain the reference picture is provided hersinabove
with the description of figure 9.

The reference picture 135 may be used in an operation 134,
implemented by a module M134. The operation 134 comprises for example
the generation of the predictors for inter prediction from the decoding of the
encoded data comprised in the bitsiream. These dala, associated o the
generation of the predictor, may comprise

- a prediction type, for insfance a flag indicating if the prediction

mode is intra or inter,

- g motion vector, and/or

- an index to indicate a reference picture from a list of reference

pictures.

Naturally, a plurality of reference pictures may be obtained in a
same way as the reference picture 135, each reference piciure of the plurality
being obtained from decoded data of a specific piclure representing the point
cloud, the decoding of the daia of the bitstream 104 may be based on one or
several reference pictures {0 obiain a decoded point cloud 105.

Naturally, the present document is not limited to the embodimenis
previously described.

The present document is not limited 0 a method of generating
point(s) of a 3D scene but also extends {0 a method for encoding and/or
decoding a 3D scene / point cloud, andfor 1o a method and device for
transmitling the bitstream obtained by the encoding of the 3D scene / point
cloud and/or a method and device for receiving the bitstream obtained by the
encoding of the 3D scene / point cloud. The present document also extends to
a method and device for rendering and/or displaying the decoded 3D scene /
point cloud, i.e. images of the 3D object represented by the decoded point
cloud, a point of view being associated with each image.

The implementations described herein may be implemented in, for
example, a method or a process, an apparstus, a software program, a data
stream, or a signal. Even if only discussed in the context of a single form of
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implementation (for exampile, discussed only as a method or a device), the
implementation of features discussed may also be implemented in other forms
{for example a program). An apparatus may be implemented in, for example,
appropriate hardware, software, and firmware. The methods may be
implemenied in, for example, an apparatus such as, for example, a processor,
which refers {o processing devices in general, including, Tor example, a
compuier, a microprocessor, an integrated circuit, or a programmable logic
device. Processors also include communication devices, such as, for example,
Smartphones, tablets, computers, mobile phones, portable/personal digital
assistants ("FPDAs™), and other devices that facilitale communication of
information between end-users.

Implementations of the various processes and fealures described
herein may be embodied in a variety of different equipment or applications,
particularly, for example, esquipment or applications associated with data
encoding, data decoding, view generation, {exture processing, and other
processing of images and related texture information and/or depth information.
Examples of such equipment include an encoder, a decoder, a post-processor
processing output from a decoder, a pre-processor providing input {0 an
gncoder, a video coder, a video decoder, a video codec, a web server, a set-
top box, a laptop, a personal computer, a cell phone, a PRA, a HMD (Head-
Mounted Display), smart glasses and other communication devices. As should
be clear, the equipment may be mobile and even instalied in a mobile vehicle.

Additionally, the methods may be implemented by instructions
being performed by a processor, and such insiructions {(and/or data values
produced by an implementation) may be stored on a processor-readable
mediurm such as, for example, an integrated circuit, a software carrier or other
storage device such as, for example, a hard disk, a compact diskette (“*CD"),
an optical disc {such as, for example, a DVD, often referred o as a digital
versatile disc or a digital video disc), a random access memory ("RAM™, or a
read-only memory (“ROM”). The instructions may form an application program
tangibly embodied on a processor-readable medium. Instructions may be, for
example, in hardware, firmware, software, or a combination. instructions may
be found in, for example, an operating system, a separate application, or a
combination of the two. A processor may be characterized, therefore, as, for
example, both a device confiqured to carry out a process and a device that
includes a processor-readable medium {(such as a storage device) having
instructions for carrying out a process. Further, a processor-readable medium

PCT/US2018/054057
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may store, in addition to or in leu of instructions, data values produced by an
implementation.

As will be evident to one of skill in the art, implementations may
produce a variely of signals formatted o carry information that may be, for
example, siored or transmitied. The information may include, for example,
instructions for performing a method, or data produced by one of the described
implementations. For example, a signal may be formatted to carry as data the
rules for writing or reading the syntax of a described embodiment, or to carry
as data the actual syntax-values written by a described embodiment. Such a
signal may be formatted, for example, as an electromagnetic wave (for
example, using a radio frequency portion of spectrum) or as a baseband signal.
The formatling may include, for example, encoding a data stream and
modulating a carrier with the encoded data stream. The information that the
signal carries may be, for example, analog or digital information. The signal
may be transmitied over a variety of different wired or wireless links, as is
known. The signal may be stored on a processor-readable medium.

A number of implementations have been described. Nevertheless,
it will be understood that various modifications may be made. For example,
glements of different implementations may be combined, supplemented,
modified, or removed 1o produce other implementations. Additionally, one of
ordinary skill will understand that other structures and processes may be
substituted for those disclosed and the resulling implementations will perform
at least substantially the same funclion(s), in at least substantiaily the same
way(s), to achieve at least substantially the same resuli{s) as the
implementations disclosed. Accordingly, these and other implementations are
contempiated by this application.

PCT/US2018/054057
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CLAIMS
1. A method of generating points of a 3D scene from a depth image, the
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method comprising:

- for a current pixel of said depth image, comparing depth information
associated with said current pixel with depth information associated with
pixels spatially adiacent to said current pixel in said depth image;

- when the difference of depth between said current pixel and an adjacent
pixgl is greater than a first value and less than a second value,
generating at least an additional point of said 3D scene in addition o a
current point associated with said current pixel of the depth image, the
number of additional points depending on said difference.

2. The method according to dclaim 1, further comprising selecting the
adjacent pixel having the greatest depth difference with said current pixel
among the adjacent pixels having a depth difference with said curreni pixel
comprised between said first value and said second value, the number of
generated additional points depending from said grealest depth difference.

3. The method according to one of claims 1 to 2, wherein, a volume unit
heing associated with a point of said 3D scene, said depth difference
corresponding 0 a number of volume units, the number of generaied points
corresponding to said depth difference minus 1.

4. The method according to one of claims 1 to 3, further comprising
determining attributes to be associated with the at least one additional point,
said aitributes being determined from atiributes associated with the current
point and with said adjacent pixsl

5. The method according to claim 4, wherein said atlributes {0 be
associated with the at least one additional point comprise depth information
andfor texture information.

8. The method according o one of claims 1 to 5, further comprising
decoding said depth image from a received bitstream.
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7. The method according to one of claims 1 10 6, wherein said points of
the 3D scene are part of a point cloud.

8. A device configured 1o generate poinis of a 3D scene from a depth
image, the device comprising a memory associated with at least a processor
configured to:

- for a current pixel of said depth image, compare depth information
associated with said current pixel with depth information associated with
pixels spatially adjacent to said current pixel in said depth image;

10 - when the difference of depth between said current pixel and an adjacent
pixel is greater than a first value and less than a second value, generate
at least an additional point of said 3D scene in addition to a current point
associated with said current pixel of the depth image, the number of
additional peints depending on said difference.

[ ]

15
Q. The device according o claim 8, wherein the at least a processor is
further configured 1o select the adjacent pixel having the greatest depth
difference with said current pixel among the adjacent pixels having a depth
difference with said current pixel comprised between said first value and said
20 second value, the number of generated additional points depending from said
greatest depth difference.

10.  The device according to one of claims 8 10 8, wherein, & volume unit
being associated with a point of said 3D scene, said depth difference

25 corresponding to a number of volume units, the number of generated points
corresponding to said depth difference minus 1.

11.  The device according o one of claims 8 {0 10, wherein the at least a

processor is further configured to determine attributes to be associated with
30 the at least one additional point, said atfributes being determined from

atiributes associated with the current point and with said adjacent pixel.

12. The device according io claim 11, wherein said altributes to be
associated with the at least one additional point comprise depth information
35  andfortexture information.
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13. The device according to one of claims 8 {0 12, wherein the at least a
processor is further configured to decode said depth image from a received
bitstream.

14.  The device according o one of claims 8 to 13, wherein =said points of
the 3D scene are part of a point cloud.

15. A non-transifory processor readable medium having stored therein
instructions for causing a processor to perform the method according o one of
claims 1o 7.
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